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Abstract
Habitat fragmentation results when a landscape is broken apart due to 
urbanization. Fragmentation can result in a decrease in habitat size, and an increase in 
habitat patches which can then become increasingly isolated. Fragmentation may also be 
caused by human roadway and vehicle traffic, which degrades surrounding habitats, 
barricades wildlife movement, reduces the viability of wildlife populations and changes 
animal population networks. Fragmentation caused by roads often results in wildlife road 
mortality as animals traverse the roadway to obtain food, to mate or seek other resources. 
In order for conservation of wildlife populations to take place, it is essential to identify 
corresponding landscape characteristics of wildlife road crossing hotspots along road 
sections in New Jersey. The goals of the project were to 1) identify wildlife crossing 
hotspots in New Jersey 2) prioritize wildlife crossing hotspots 3) and assess habitat 
characteristics associated with hotspots. The results of the Poisson Regression Model 
suggest that shrub and herbaceous diversity significantly affect richness of reptile and 
amphibian communities as well as the number of road mortality near a corresponding 
roadway. In addition, we found that distance to nearest vernal pool and distance to 
nearest stream were negatively correlated with mortality, suggesting that roads closer to 
vernal pools and streams may cause greater wildlife road mortality. The resulting 
crossing hotspots should be further monitored and managed in an attempt to limit the 
effects of habitat fragmentation.
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Today the state of New Jersey remains the most densely populated state in the 
country occupying about 39,000 miles of public roads (State of New Jersey Department 
of Transportation 2002). While the state is a hub for trade and commerce worldwide, it is 
also a unique geographic region that is home to a wide variety of wildlife species 
including the Eastern Tiger salamander, Pine Barrens tree frog, American bald eagle and 
Northern goshawk (Schwartz and Golden 2002). The state harbors habitats including 
costal marshes, barrier beaches, floodplain forests, barrens of pine and wetlands. 
Fortunately, the state has become a leader in environmental stewardship and conservation 
through programs such as the Pinelands Commission and the New Jersey Endangered and 
Nongame Species Program. However, urbanization still stands to negatively impact 
wildlife in the state in multiple ways. In particular, road mortality through vehicular 
collision is of major concern for species who travel frequently throughout their home 
ranges such as reptiles and amphibians. It is therefore important that road crossing 
hotspots are identified in the state as well as habitat characteristics and prediction factors 
associated with these hotspots. For the purposes of this study, a wildlife crossing hotspot 
is an area where high concentrations of dead wildlife are found, specifically reptile and 
amphibian populations (Santos et al. 2011; Langen et al. 2008). It may also be referred to 
as a road mortality hotspot. Once identified proper management techniques can then take 
place in order to improve habitat connectivity and protect wildlife.
In New Jersey and throughout the world, almost every ecosystem on earth is 
under some degree of disturbance caused by human impacts. These impacts have the 
potential to alter the landscape and affect the overall health of an ecosystem (Rudnick et 
al. 2012). In particular, impacts such as urbanization and deforestation often have 
negative consequences on ecosystems because they often lead to overall habitat loss 
(Forman and Alexander 1998). A reduction in available habitat creates habitat 
fragmentation, where an ecosystem becomes segmented and broken apart. In addition, 
much of the previously available habitat becomes inadequate for wildlife as it develops 
into roadways, infrastructure or agriculture. Habitat fragmentation therefore, is a process 
in which a large intact habitat is transformed into smaller isolated patches (Fahrig 2003) 
(Figure 1). This may result in a decrease in habitat size, and an increase in number of 
habitat patches which become increasingly isolated (Fahrig 2003). As habitat 
fragmentation occurs, wildlife living among and between patches are often disturbed and 
community structures are altered (Giulio et al. 2009). These habitat patches may become 
too small to sustain local wildlife populations and long-term reproduction may not exceed 
long-term mortality. Therefore, local populations have the potential to become extinct. 
When populations reach their “extinction threshold” more habitat space is required for 
perseverance (Fahrig 2002). Small habitat patches have an even more dramatic impact for 




Figure 1. Process of habitat fragmentation, where black areas represent habitat and white 
represent loss.
Habitat fragmentation can have multiple negative effects on wildlife. It can affect 
reproduction, dispersal, genetic isolation, and community structure. For example, as 
habitat fragmentation increases in a community, reproduction and dispersal decrease 
(Clevenger et al. 2003). In order to successfully reproduce or obtain resources in a 
fragmented landscape, wildlife must travel between isolated habitat patches (Forman and 
Alexander 1998). This often requires traveling through low quality habitat such as cities, 
agricultural fields or roads. In these low quality habitats, wildlife becomes more prone to 
predation and other risks. Therefore habitat fragmentation is a problem because in order 
for species to persist they need to be able to move through the landscape to obtain 
necessary resources (Clevenger et al. 2003; Fahrig 2003). These animal movements on 
land and in the water are essential to maintain minimum viable populations to remain 
large enough populations for long term viability and biodiversity.
For example, in New Jersey and many surrounding landscapes, reptiles and 
amphibians migrate every spring and summer from their wintering grounds in up upland 
forests to nearby water bodies and nesting grounds (Cushman 2006; Langen et al. 2006; 
Langen et al. 2008). In particular, juvenile amphibian migration is especially important 
because they provide genetic connectivity between populations that are spatially separate 
(Rothermel 2004). However, juvenile dispersal during migration is sensitive to 
fragmentation. Rothermel (2004) found that only about 9% of juvenile spotted 
salamanders {Ambystoma maculatum) survived their initial migration to forest when 
released 50 m from forest edge. Overall, less than 15% of juvenile salamanders and toads 
successfully reach the forest when migrating greater than 50 m (Rothermel 2004). This 
suggests that juveniles are unlikely to successfully migrate far distances across 
agricultural fields and other obstacles (Rothermel 2004).
Not only does habitat fragmentation affect wildlife dispersal and population size, 
it also has an impact on species at the genetic level. Small populations unable to move 
between habitats are more likely to suffer from genetic isolation (Forman and Alexander 
1998). Genetic isolation occurs when large populations of one species become 
geographically isolated, and are no longer able to mate and exchange genetic information. 
These smaller, isolated populations then become cut off and genetic diversity can 
decrease, leading to inbreeding, genetic deterioration or deformities (Rudnick et al.
2012). For example, Morita and Yokota (2002) found that isolated charr populations 
above dams in Japan had lower genetic diversity, lower population size and lower growth 
rates compared to below dam populations. In addition to genetic inbreeding, once habitats 
become fragmented it becomes unlikely that populations are able to repopulate after a 
disturbance event such as fire, flooding, climate change or disease (Burkhardt-Holm et al.
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2005). In addition, re-colonization from surrounding populations during disease or 
parasite events is less likely due to barrier effects of fragmentation (Taylor and Merriam 
1995).
Lastly, when wildlife populations are negatively affected by habitat 
fragmentation, this may cause changes in the entire wildlife community. For example, 
Komonen et al. (2000) found that habitat loss can reduce trophic chain length within the 
community and lead to local extinction events. Specifically, Komonen et al. (2000) found 
that extinction at low trophic levels, such as fungal and insect species, accounted for half 
of the population extinctions at higher trophic levels (Komonen et al. 2000). Therefore, a 
reduction in trophic length at a low level can also lead to a reduction in the number of 
specialists and large bodied species high in the food chain, including predators (Gibbs 
and Stanton 2001). This may be an increase in fragmentation which reduces their caused 
by dispersal ability and rate of predation (Bergin et al. 2000). In addition, species high 
on the food chain, such as predators, typically have larger home ranges and need to be 
able to move freely between patches in order to find food and mates (Karsai and Kampis 
2010). Therefore, a change in trophic level due to fragmentation can have larger effects 
on the entire community, particularly predators. Additionally, a change in predator 
abundance in a community may also change the population size and behavior of prey 
species as well. This may allow for prey species to maximize in a community or alter 
their behavior and foraging success rate (Mahan and Yahner 1999). Such changes may 
have negative effects on the community as species must alter their foraging behavior and 
predator/prey interactions.
It is clear that habitat fragmentation has negative effects on ecosystems and this 
has been documented throughout the world (Fahrig 2003). In order to curb the negative 
effects of habitat fragmentation, connectivity corridors or passageways may be able to 
help sustain wildlife populations by allowing species to move throughout the landscape. 
These potential corridors for wildlife movement must first, however, be properly 
identified for successful implementation and management (Robert 1997; Kohler et al. 
2003) (Figure 2). One possible technique includes the identification of wildlife road 
crossing hotspots which represent areas of high frequency travel for wildlife (Taylor and 
Goldingay 2010). Furthermore, factors such as landscape characteristics significantly 
associated with road crossing hotspots can be identified in order to predict hotspots in the 
future.
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Figure 2. Connectivity is vital for productivity. Different color habitat patches represent 
different resources essential for survival. Lines represent possible corridors connecting 
patches.
Wildlife Road Crossing
Forman and Alexander (1998) estimated that 1 million vertebrates per day are 
killed on roads in the United States (Forman and Alexander 1998). In particular 
amphibian populations have been reduced by up to 10% due to vehicle collision on a 
major highway in Ottawa, Canada, which runs in the middle of their wintering and 
breeding grounds (Fahrig et al. 1994). The negative effects of increased road traffic on 
wildlife is of great conservation concern as humans continue moving into previously 
uninhabited areas. These effects may lead to significant population declines for many 
reptiles and amphibians, of which many are already facing extinction (Reh and Seitz 
1990; Langen et al. 2008). This is especially a concern for species with large home 
ranges that are subject to greater population declines (Pope et al. 2000; Steen et al. 2006). 
For example, Northern Leopard frogs (Lithobates pipiens) as well as other amphibians 
require three distinct habitats to complete their life cycle; a breeding pond used by adults 
and tadpoles in spring, a meadow for foraging in the summer and stream or river for 
overwintering. For amphibians, this may require traveling over 1 square km to occupy 
essential habitats, including traveling over roadways (Pope et al. 2000). In addition, 
gravid female turtles may travel across roadways for nesting sites. If a gravid turtle is 
killed by traffic, not only is the turtle removed from the population, her potential future 
offspring are as well (Steen et al. 2006). In addition to moving across the road, reptiles 
have been known to move on top of roads and to bask and elevate their body temperature 
on the warm surface for thermoregulation (Steen et al. 2006). These activities can lead to 
high reptile and amphibian mortalities (Langley 1989). For example, snake populations 
(including most commonly found Crotalus atrox, Rhinocheilus lecontei and Chionactis 
palarostris) in Arizona have declined by 25% due to high rate of mortality on roads 
(Rosen and Lowe, 1994).
Vehicular traffic on roads may not only be the cause of death for reptiles and 
amphibians, but can also be a safety risk for motorists who swerve to avoid the animals 
or while exiting their car to move the animal to safety (Langley et al. 1989). In some 
cases, motorists have reported that the road surface can become dangerously slick from
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the remains of dead animals (Langen et al. 2006). Between 1990 and 2004 animal- 
vehicle collisions have steadily increased by about 50% (Huijser et al. 2008). In northern 
New Jersey these animal-vehicle collisions have increased by close to 40% between 2001 
and 2010 (Huijser et al. 2008). National automobile accident databases estimates the total 
number of collisions related to wildlife on roads, to be approximately 300,000 per year 
(Huijser et al. 2008) which represents the automobile accidents not the wildlife killed or 
injured, which is likely much higher. In addition, these types of motor vehicle collisions 
are also costly to drivers and cities. According to the Huijser et al. (2008) the average 
estimated cost associated with wildlife vehicle collisions, including property damage, 
human injuries and human fatalities is approximately $6,126 per collision. 95% of all 
animal vehicle collisions resulted in property damage costing an average of $2,451 per 
accident. Based on 2001-2002 reports, there was an estimated 26,647 human injuries per 
year in the United States from wildlife-related accidents on roads. While human injuries 
and fatalities occur at less than 5% of all collisions, the costs associated with such injuries 
has driven up the average vehicle collision cost (Huijser et al. 2008
Wildlife Crossing Hotspots
In order for the conservation of wildlife populations which are being affected by 
road mortality to improve, it is essential to identify areas of roadways where animals are 
being injured or killed most frequently, identified earlier as road crossing or road 
mortality hotspots. However, it can be difficult to identify a wildlife crossing hotspot 
because it requires intensive monitoring and extensive data collection. In addition, 
wildlife crossing hotspots may differ according to the population size and species 
utilizing the area. For example, an area with only a few threatened or endangered species 
road mortalities may be identified as a hotspot rather than a location with higher 
mortalities but with no threatened or endangered species (Langen et al. 2008).
While, it is possible to identify wildlife road crossing hotspots through survey 
efforts on roadways, another possibility is to identify surrounding habitat/landscape 
characteristics that are associated with hotspots. These potential characteristics include 
species composition, population density, adjacent habitat characteristics, road design, 
traffic, and the behavior of drivers (Santos et al. 2011; Langen et al. 2006). Once the 
associated characteristics are identified, it may be possible to predict and locate road 
crossing hot spots remotely prior to intensive pre-monitoring (Langen et al. 2008). These 
hotspots can then be properly managed to allow safe passage for wildlife.
Wildlife Habitat Connectivity in New Jersey
Over the past decade, many statewide and regional organizations have begun 
addressing the problem of habitat fragmentation and wildlife road mortality. Specifically, 
states in highly developed regions are of alarm due to high concentrations of human 
disturbance. Many connectivity models and maps have been launched regionally, state­
wide and nationally. In particular, by 2007, urbanized land covered 30% of the state and 
surpassed forest land as the dominant land-use type (Hasse and Lathrop 2010). Since the 
mid 1980’s, over 5,000 hectares of wildlife habitat is lost to urbanization each year 
(Figure 3) (New Jersey Division of Fish and Wildlife 2012b). Just over the last several 
years, the New Jersey Department of Environmental Protection, Division of Fish and 
Wildlife, Endangered and Non-game Species Program (ENSP) Biotics Database has
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collected over 500 observations of threatened and endangered species on roadways (New 
Jersey Division of Fish and Wildlife 2012b). The actual number is likely to be much 
higher. However, despite its extensive road network and heavy urbanization, New Jersey 
still houses a wide variety of natural landscapes. It is through the collective integration of 
these habitats that a diverse array of wildlife is found in New Jersey, including 
endangered, threatened and special concern species (Beans and Niles 2003).
1986 1995
Figure 3. NJDEP Land Use/Land Cover 1986 - 2007. (New Jersey Division of Fish and 
Wildlife 2012b)
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In this study we focus on the state of New Jersey, whose extensive road network 
has been shown to impact wildlife populations. Wildlife populations are of specific 
concern in New Jersey as they must traverse the dense urbanized roadways frequently. 
For example, during an assessment of the status of Northern pine snake (Pituophis 
melanoleucus) (a New Jersey state threatened species) the state found that major roads 
overlap the historic range of this species and divide the population into at least three
13
disconnected populations (New Jersey Division of Fish and Wildlife, 2009). 
Consequently, this isolates the Northern pine snake population and is most likely to occur 
in other taxa throughout the state as well. Additionally, in 2012, two bobcats were fitted 
with GPS collared by ENSP. Their movements across high volume roads demonstrated a 
potential danger and higher likelihood for vehicle collisions (Figure 4).
>10.000 vehicles/dav 
^  Female 2/09-2/10 
4 »  Male 3/10-3/11
Figure 4. Locational data of two bobcats fitted with GPS collars in northern New Jersey 
(New Jersey Division of Fish and Wildlife 2012b).
In order to protect wildlife species impacted due to habitat fragmentation, in 2012 
the New Jersey Department of Environmental Protection (NJDEP) launched a statewide 
habitat connectivity project entitled Connecting Habitat Across New Jersey (CHANJ). 
This collaborative effort between local, state, federal, public and private parties aims to 
enhance the state’s wildlife habitats. This is done by improving permeability for 
terrestrial wildlife through policy making, land use planning, transportation planning, 
promoting public awareness, and enhancing habitat quality (New Jersey Division of Fish 
and Wildlife 2012a). The goal of CHANJ is to create a plan that will serve as a blueprint 
for habitat conservation and highlight actions necessary to restore and maintain critical 
habitat linkages (New Jersey Division of Fish and Wildlife 2012a). CHANJ efforts will 
include a statewide map showing the areas that are crucial to maintain connectivity with a 
guidance document. This guidance document will include a menu of action items specific
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to each corridor. It will also provide information needed to secure each corridor (New 
Jersey Division of Fish and Wildlife 2012a).
This study is a collaborative effort with NJDEP and the results may be 
incorporated into the CHANJ plan. The goals of the project were to: 1) identify wildlife 
crossing hotspots in New Jersey, 2) prioritize wildlife crossing hotspots, and 3) and 
assess potential habitat characteristics associated with hotspots.
METHODS
Road Transect Survey
Road transects in Northern New Jersey were selected to be surveyed for road 
crossing and mortality hotspots. In order to identify roads likely to have road crossing 
hotspots, Arc View 10.1 was used to identify road transects with open space on either 
side. Open space constitutes forest, farm-land and urban and parks. The open space layer 
was downloaded from New Jerseys Department of Environmental Protection (NJDEP), 
Endangered and Nongame Species Program GIS Database (ArcViewlO.l). Special 
consideration was given to transects with adjacent vernal pools and with known 
populations of endangered, threatened or special concern species. A total of 42 road 
transects were selected for wildlife road crossing surveys located in Sussex, Passaic, 
Morris, Union, Bergen, Somerset and Essex Counties, New Jersey (Table 1, Figure 5).
Our study relied on volunteers from local environmental organizations, local 
neighborhoods and Friends groups to collect road mortality data. Volunteers were 
recruited in February 2013. All volunteers were required to attend informational and 
training sessions in order to learn standardized operation protocol and methodology, 
including technology, recording data, uploading data and species identification. Each 
transect was surveyed up to three times per week at dawn from March to June 2013, by 
walking on both sides of the road. Volunteers documented weather, precipitation in the 
last 24 hours, number of animals on the road, and identified species found. In addition, 
each volunteer took pictures of all wildlife road mortality in order to validate species 
identification as well as density of animals on the road and if they were dead, alive or 
injured. Invertebrates and birds were not recorded in this study.
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Table 1. Sites selected for road transect survey
Site
Name
Latitude Longitude Town County Length of 
transect (km)
El 40.6768 -74.2286 Newark Essex 0.29
E2 40.76249 -74.3198 South
Orange
Essex 1.18
E3 40.86406 -74.1997 Montclair Essex 1.10
E4 40.85219 -74.2064 Montclair Essex 0.52
E5 40.91773 -74.3156 Wayne Essex 0.40
HI 40.98157 -74.0043 Bergen Hudson 0.60
Ml 40.73866 -74.4464 Chatham Morris 0.40
M2 40.74833 -74.4659 Chatham Morris 0.42
M3 40.7968 -74.5298 Morristown Morris 1.30
M4 40.69339 -74.514 Great Swamp Morris 0.17
M5 40.6906 -74.4943 Great Swamp Morris 1.70
M6 40.70242 -74.4773 New Vernon Morris 3.30
M7 40.94532 -74.4615 Rockaway Morris 0.90
M8 40.93468 -74.4751 Rockaway Morris 0.50
M9 40.92747 -74.476 Rockaway Morris 0.40
MIO 40.93354 -74.4632 Rockaway Morris 0.40
M il 40.69516 -74.5213 Great Swamp Morris 0.77
M12 40.67078 -74.4001 Watchung Morris 1.2
M13 40.70141 -74.4264 Chatham Morris 0.52
M14 40.70046 -74.3649 Watchung Morris 0.40
M15 40.71853 -74.5247 Great Swamp Morris 1.35






P3 40.88072 -74.3357 Wayne Passaic 0.50
P4 40.98174 -74.2831 Pompton
Lakes
Passaic 0.3
P5 41.15284 -74.3387 West Milford Passaic 1.10
P6 41.03754 -74.3455 West Milford Passaic 0.30
SOI 40.55932 -74.6531 Bridgewater Somerset 0.38
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S02 40.55662 -74.6893 Bridgewater Somerset 0.72
S03 40.46403 -74.5488 Franklin
Township
Somerset 1.02
S04 40.55495 -74.6687 Bridgewater Somerset 0.80
SUI 41.1847 -74.7984 Branchville Sussex 1.30
SU2 41.1989 -74.862 Sandyston Sussex 2.07
SU3 41.17684 -74.7833 Sandyston Sussex 2.30




SU6 41.21935 -74.7801 Sandyston Sussex 0.60
SU7 41.0679 -74.5719 S parta Sussex 1.60
m 40.72046 -74.3892 Summit Union 0.104
U2 40.67385 -74.3495 Mountainside Union 0.34
U3 40.71136 -74.3346 Springfield Union 0.51
U4 40.72419 -74.3896 Summit Union 0.50
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Habitat Assessment
In the fall of 2013, 30 of the 42 transects were assessed to determine potential 
associated habitat characteristics of road crossing hotspots. Each transect was divided 
into equal increments according to its length. Habitat on either side of the road was 
assessed. Four sampling plots were selected along transects less than 1 km, five sampling 
points were selected along transects 1 -  2 km and six along transects greater than 2 km 
long. Each plot is 10 by 20 meter and placed at least 5 meters off the road shoulder in 
order to reduce disturbance from roadways (Figure 6). Coordinates were taken at the 
center of each plot.
Figure 6. Layout of each transect for habitat assessment.
Habitat characteristics including leaf litter depth, leaf litter mass, % canopy, tree 
diversity, shrub diversity were measured at each sampling plot (Table 2). Leaf litter depth 
was measured and recorded at three locations randomly selected within each sampling 
plot. Leaf litter was then collected. Samples were immediately stored in plastic bags and 
taken back to the New Jersey School of Conservation to be dried in a standard drying 
oven at 70 °C for 5 to 7 days until completely dried and weighed. The % canopy cover 
was estimated at four randomly selected locations per sampling plot and determined by 
creating a cone shape with outstretched arms. The diversity of trees, shrubs and 
herbaceous cover was measured using the Shannon Weiner Index of Biodiversity (H) 
following the equation listed below. H accounts for both abundance and evenness of the 
species present. Trees were defined as any woody plant with a diameter of breast height 
(dbh) less than or equal to 8 cm, shrub as any woody plant greater than or equal to 1 m 
tall but with a dbh less than 8 cm, and herbaceous plant as all non-woody plants and 
woody plants less thanl m in height. At each sampling plot, the species identification and 
dbh of all trees were recorded. For shrub diversity, a circular subplot with a 3 meter 
radius was placed in the center of the sampling plot. All shrub found within the subplot 
was identified and recorded. Herbaceous cover was recorded with a i m 2 quadrat which 
was randomly placed at 4 different locations within the 10x20 m plot. All herbaceous 
plant species were identified and its relative abundance estimated. When multiple 
biodiversity index numbers were recorded at one sampling plot, the median value was 
used for statistical calculations.
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H = -Z Inpi*pi
H - Shannon Weiner Index 
i= proportion of species 
pi-  total number of species 
Inp i-  natural logarithm of pi
Distance to nearest vernal pool and stream as well as type of nearest water body was 
derived from NJDEP GIS database. The Near Command was used in ArcGIS to delineate 
distance to nearest stream and distance to nearest vernal pool from each transect.
Table 2. Description of variables quantifying habitat characteristics
Variable Description
Leaf litter depth Average depth (cm)
Leaf litter mass Average mass (g)
% Canopy Percent canopy cover
Tree Diversity Shannon Wiener Index
Shrub Diversity Shannon Wiener Index
Herbaceous Diversity Shannon Wiener Index
Distance to Nearest Vernal Pool Distance to nearest temporary ephemeral pool (m)
Distance to Nearest Stream Distance to nearest uni-directional waterbody (m)
Type of Nearest Water Body Vernal pool, stream or other (lake, pond, reservoir)
Statistical Analysis
Poisson regression analyses were conducted using statistical software R. Poisson 
regression is a form of regression analysis used to model count data and contingency 
tables. Poisson regression assumes the response variable Y (number of road mortality and 
richness) has a Poisson distribution.The covariates in the Poisson regression model 
include continuous variables leaf litter depth, leaf litter mass, percent canopy, tree 
diversity, shrub diversity, herbaceous diversity, distance to nearest vernal pool, distance 
to nearest stream, and distance to nearest water-body. Type of nearest water body was 
analyzed as a categorical value. For the purpose of this study, the above habitat 
characteristics variables were analyzed to determine their relationship with the number 
road mortality and richness of reptiles and amphibians, mammals excluded. The number 
of observation days was used as an offset value. Sandwich method was used to estimate 
the covariance matrix to overcome the over dispersion problem.
RESULTS
Road Transect Survey
All streets surveyed were two lanes roads, no road median barrier, with an 
average speed limit of 31.33 ±1.44 mph which ranged from 25-45 (Table 3). The 
transects varied in length and vegetative structure. Among the 42 sites surveyed for road 
mortality the total number of wildlife observations ranged from 0 to 422 with a mean of 
33.00 ± 15.50 observations (Table 3). The amount of days each site was surveyed ranged 
from 6- 55 days with an average of 24.81 ±2.18 days (Table 3). In total, 15 amphibian,
13 reptile and 12 mammal species were identified (Table 5). Amphibians were the most 
abundant taxa with a total of 886 found across all sites (Table 5). 98% of reptiles found
were dead and 92% of both amphibians and mammals found were dead (Table 5). One 
New Jersey threatened species; Eurycea longicauda longicauda (long-tailed salamander) 
was observed (Table 4).
Table 3. Mean, standard error and range of road crossing survey.
Mean ± Standard 
Error
Range
Number of animal observations 33.00 ± 15.50 0-422.00
Number observations per km 4.25 ± 1.91 0-53.02
Richness observed 4.34 ± 0.96 0-20.00
Total days of observation 24.81 ±2.16 6-55.00
Number of observations per visit 1.01 ±0.41 0-11.11
Number of mammal 
observations per site
1.53 ±0.53 0-13.00
Number of amphibian 
observations per site
29.43 ± 14.68 0-403.00
Number of reptile 2.90 ± 0.78 0-15.00
Number of live animal 
observations (mammal, 
amphibian and reptile) per site
2.63 ± 2.22 0-67.00
Number of dead observations 
per site
30.47 ± 13.61 0-409.00
Speed Limit mph 31.33 ± 1.44 25.00-45.00
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Table 4. Total num ?er of wildlife observed on wild ife transect survey
Amphibian Reptile Mammal
Spring Peeper 250 Common Gartersnake 20 Eastern Gray 
Squirrel
11
Gray Treefrog 180 Common
Ribbonsnake
11 Opossum 7
Green Frog 90 Eastern Painted 
Turtle
10 Mouse 5
Wood Frog 72 Northern Watersnake 5 White-tailed Deer 4
Red-spotted newt 60 Northern Brown 
Snake
6 Black Bear 3
Pickerel Frog 32 Snapping Turtle 7 Shrew 2
Bullfrog 24 Eastern Ratsnake 2 Eastern Chipmunk 1
Long-tailed
Salamander
6 Northern Red-bellied 
Snake





6 Northern Red-bellied 
Cooter
1 Raccoon 1
American Toad 5 Red-eared Slider 1 Meadow Vole 1
Southern Leopard 
Frog
2 Ring-necked Snake 1 Bat 1
Red Salamander 2 Milksnake 1 Red Squirrel 1







Unidentifiable 154 Unidentifiable 19 Unidentifiable 9
886 87 47
Table 5. Species richness, % dead and total road mortality.
Mammal Reptile Amphibian
Species Richness 12 13 15
% Dead 92 98 92
Total Individuals 46 87 886
Priority Sites
Four priority sites out of 42 sites surveyed were identified based on the collected 
road transect data, all four of which were located in Sussex and Somerset Counties, New 
Jersey (Table 6). Site SU7 had the highest number of wildlife observations, 422 found on 
the road with species richness of 20. Site SU7 also had the most amphibians and 
mammals found on the road, 403 and 13 respectively. Site SU2 had a species richness of 
17 with a total of 109 wildlife observations including a New Jersey threatened species,
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Eurycea longicauda longicauda (long-tailed salamander)(Table 6). Sites B and D were 
also selected due to high richness and wildlife activities observed (Table 6).
Based on our study results we suggest that sites SU7, Ml, SU2 and M5 require 
further monitoring and quantitative mitigation measures recommended if high wildlife 
usage is confirmed. These four sites had the highest population density, road mortalities 
and species richness of all sites. However, while high road morality may be associated 
with high population density, interpretation of results is significant (Taylor and 
Goldingay 2010). Nevertheless these areas may be of high concern as there are likely 
important dispersal populations that are essential for genetic distribution.
Table 6. Priority sites identified based on richness of species and number of observations 
per visit and per kilometer.__________________________
Site
Name
Location Richness Total # 
Observation
Obs. /visit Obs./km
SU7 Sparta, Sussex 
County
20 422 11.10 262.76
Ml Chatham Township 13 212 5.6 8.09
SU2 Layton, Sussex 
County
17 109 2.87 67.87
M5 Harding, Great 
Swamp NWR
10 58 1.5 9.96
Habitat Assessment
There is an increasing need to predict road crossing hotspots due to limitations in 
road crossing surveys and constraints in resources in space and time. Previous studies 
have used land use/land cover data in order to estimate areas of road mortality concern 
(Bergin et al. 2000, Bonin et al. 1997, Knutson et al. 1999, Langen et al. 2008). However, 
smaller habitat measurements are also needed in order to fully understand the relationship 
between road crossing hotspots and the landscape. This includes design of the road, 
traffic patterns, nearby wetlands, nearby vegetation, presence or absence of culverts, 
bridges or other potential passageways (Langen et al. 2008).
Thirty road transects surveyed for wildlife road crossing hotspots were assessed to 
determine potential associated habitat characteristics. Of the thirty sites assessed, the 
distance to nearest stream and vernal pool averaged 45.10 ± 13.14 m and 655 ± 155.72 m 
respectively (Table 7). Across all sites the median tree diversity index was 0.53 ± 0.07, 
median shrub diversity index 0.17 ± 0.05. The median herbaceous diversity index was 
0.69 ± 0.06 (Table 7). Site SU3 in Sussex County had the highest tree diversity of 1.19. 
Site M10 in Morris County had the highest shrub diversity of 1.09. Site Ml in Morris 
County had the highest herbaceous diversity of 1.44. The average leaf litter depth was 
0.82 ± 0.10 (cm) and average leaf litter mass was 19.91 ± 2.20 (g) across thirty sites 
(Table 7).
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Table 7. Mean, standard error and range of variables assessed for associated habitat
characteristics of road crossing hots )OtS.
Variable Description Mean ± Standard 
Error
Range
Distance to nearest vernal pool
(m)
655.37 ± 155.72 21.23-3386.73
Distance to nearest stream (m) 45.10 ± 13.14 0-258.19
Median Tree Diversity Index 0.53 ± 0.07 0-1.19
Median Shrub Diversity Index 0.17 ±0.05 0-1.10
Median Herb Diversity Index 0.69 ± 0.06 0-1.44
Average leaf litter depth (cm) 0.82 ±0.10 0.07-2.04
Average leaf litter mass (g) 19.91 ±2.20 4.77-60.80
% Canopy 71.75 ±3.61 0-77.00
The Poisson Regression Model was used to determine habitat characteristics 
associated with hotspots. The results of the Poisson Regression Model suggest that shrub 
and herbaceous diversity significantly affected richness of reptile and amphibian species 
(Table 8). We found that richness and diversity of shrub cover were positively correlated 
with a coefficient estimate of 2.42 (p=0.039) (Table 8). Richness and herbaceous cover 
were also positively correlated with a coefficient estimate of 1.28 (p=0.0002) (Table 8). 
Therefore, diverse habitat patches may house a more diverse reptile and amphibian 
communities. However, tree diversity did not seem to affect herpetofauna richness. Leaf 
litter depth, leaf litter mass and percent canopy were also not significantly affected by 
species richness.
In addition, the results suggest the observed number of herpetofauna road 
mortality (hereto after referred to as road mortality) was significantly impacted by shrub 
diversity and herbaceous diversities (Table 8). Specifically, our results show that shrub 
and herbaceous diversities were positively correlated to the number of road mortality 
with a coefficient estimate of 5.29 (p <0.0001) and 1.89 (p<0.0001), respectively. 
Therefore, more wildlife were present in diverse habitats and are being killed when 
crossing the road in these areas. Also, high road morality may be associated with high 
population density. This was also reported by Taylor and Goldingay 2010. A high 
number of road mortality near diverse habitats may also show high population density. 
Tree diversity, average leaf litter depth, average leaf litter mass and percent canopy were 
not significant factors affecting species richness or number of road mortality on 
roadways.
In addition to vegetative diversity, our results show that distance to nearest vernal 
pool was negatively correlated to the total number of reptile and amphibian road 
mortality with a coefficient estimate of -0.004 (p=0.003) (Table 8). This suggests that 
roads closer to vernal pools may see greater wildlife road mortality. In New Jersey 72% 
of amphibians are vernal pool breeders (Schwartz and Golden 2012). In this study, 80% 
of the amphibian species found are vernal pool breeders and 13% among four species are 
vernal pool obligates, including Pseudacris crucifer (spring peeper), Hyla versicolor 
(Northern gray treefrog), Lithobates clamitans (green frog) and Lithobates sylvatica 
(Wood frog) (Schwartz and Golden 2002) (Table 9). This is consistent with our findings
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that areas with higher road mortality were found closer to vernal pools. If herpetofauna, 
especially amphibians prefer to breed in vernal pools then habitat types adjacent to these 
wetlands may be more closely associated with high road mortality.
Distance to nearest stream was also negatively correlated to road mortality with a 
coefficient estimate o f-0.016 (p=0.002) (Table 8). This suggests that roads closer to 
streams may experience greater the wildlife road mortality and road mortalities are much 
less further away from any water source. Therefore, distance to streams may be a 
significant factor in predicting road mortality for herpetofauna. This may be due to the 
fact that streams are an important resource for herpetofauana, particularly reptiles. Our 
two most common reptile species found were Thamnophis sirtalis (Eastern ribbon snake) 
Thcimnophis sauritus (common garter snake) who frequently occur in or near water, 
especially small streams (Schwartz and Golden 2002). According to our results, shrub 
and herbaceous diversity and distance to nearest water source may be important 
prediction factors in determining the location of wildlife road mortality hotspots in New 
Jersey.
Table 8. Summary of significant variable for number of road mortality and richness.
Intercept Coefficient
Estimate
Std. Error z-value Pr(>|z|)
Road
Mortality
Shrub Diversity 5.29 1.44 3.68 0.0002
Herbaceous
Diversity




-0.004 0.0015 -2.95 0.003
Distance to 
Nearest Stream
-0.016 0.0052 -3.08 0.002
Richness Shrub Diversity 2.42 1.18 2/06 0.039
Herbaceous
Diversity
1.29 0.35 3.71 0.0002
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Table 9. Percentage of vernal pool breeders found during road transect survey. (O = 
obligate vernal pool breeder; Y = yes; N = no; N/A= mixed or unknown).________
Amphibian Percentage of Total Vernal Pool Breeder
Pseudacris crucifer 28.22% Y
Hyla versicolor 20.32% Y
Lithobates clamitans 20.32% Y




Lithobates palustris 3.61% Y
Lithobates catesbeiana 2.71% Y
Eurycea l. longicauda 0.68% Y
Ambystoma maculatum 0.68% O
Anaxyrus americanus 0.56% Y
Lithobates pipens 0.23% Y
Pseudotriton ruber 0.23% N
Pseudacris kalmi 0.11% Y
Plethodon cinereus 0.11% N




There are possibly two major approaches to studying the effects of humans on 
wildlife populations. The first is to study one or a few populations over time, including 
data on both pre, during and post impact. The second, and more common approach, is to 
study multiple populations over a large spatial area affected by different levels of impact 
(Fahrig et al. 1994). Road crossing surveys over a large spatial scale are increasingly 
important in order to identify species that are being negatively impacted by human 
population growth and urbanization. This will help to determine the potential impact on 
species of special concern and to identify important crossing hotspots where road 
mortality is high (Taylor and Goldingay 2004).
However, studying and identifying road crossing hotspots has challenges. The 
first challenge is timing due to differences in species movement and its unique pattern. It 
is important to pay attention to the peak timing of movement depending on species and 
geographic location (Langen et al. 2006). Weather conditions also play a large role in 
determining the timing of peak mortality events (Langen et al. 2006). The second 
challenge is that herpetofauna typically migrate twice a year, to breed and then migrate 
back to wintering habitat. Surveys must ideally be conducted during the entire active 
season. In our study we surveyed road mortality during the peak amphibian migration 
(March through June) season with a special focus on mornings after a precipitation event.
Road mortality surveys often underestimated actual road mortality due to 
persistence of carcasses on the road. Once road mortality occurs, Santos et al. (2011)
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found that persistence decreases by 50% after 24 hours. Reptiles and amphibians may 
have a persistence time of less than 1 day. Carcass persistence may also be greater for 
animals weighing greater than 20 g compared to lower body masses (Santos et al. 2011). 
Reptiles tend to persist longer due to tough skin and shells that are more resistant to 
degradation by tires. Amphibians are less persistent due to permeable skin and often only 
the faint pink skin remains; identification is harder (Langen et al. 2008; Taylor and 
Goldingay 2004). The results can also be underestimated if sampling intervals are longer 
than one day because animals are removed from the road faster than recorded. This can 
be overcome by sampling twice daily for the most accurate results. Therefore, frequently 
visited sites should display a more accurate estimate of reptile mortality.
It is important that these challenges and limitations are considered as reptile and 
amphibian populations continue to decline in New Jersey and worldwide (Beans and 
Niles 2003). Today, land development and habitat destruction are the greatest threat to 
wildlife in New Jersey (New Jersey Division of Fish and Wildlife 2012b). As land 
continues to be developed these and future studies will be essential in identifying the 
most important sites in need of conservation and protection. Between 1995 and 2000 in 
New Jersey, urban land continues to increase about 5.8% (New Jersey 
Landuse/Landcover Update 2004). In addition, land being developed with increase of 
approximately 55,843 acres, representing a 3.9% increase since 1995 (New Jersey 
Landuse/landcover Update 2000/2001 2004). Furthermore, in the state there are currently 
34 documented endangered and threatened birds, 11 reptiles, 6 amphibians, 24 
invertebrates, 9 mammals, and 2 fish species (Beans and Niles 2003). While many 
species are actively being protected, continued habitat fragmentation and habitat loss will 
continue to negatively impact endangered and threatened species and all wildlife. In order 
for New Jersey’s conservation and preservation efforts to be successful, these landscapes 
must be reconnected. Land preservation, habitat restoration, and road crossing hotspots 
must be directed toward the most critical intact wildlife habitats. Furthermore, these 
efforts must result in reconnecting key habitat corridors providing linkages among 
protected areas (Beans and Niles 2003).
Habitat Characteristics
Forests and undisturbed ecosystems moderate temperature, maintain moisture and 
add organic matter to nearby wetlands that are beneficial to a wide variety of 
herpetofauna. Diverse, in-tact ecosystems also provide adequate trophic and predator- 
prey interactions as well as act as dispersal corridors for amphibian species movement 
(Knutson et al. 1999). Therefore, a community with a diverse structure of trees, shrubs 
and herbaceous plants are able to provide a multitude of niches for different species to 
occupy and find resources. Overall, landscape variables such as vegetative diversity will 
be able to support a variety of different herpetofauna species. Such landscape variables 
including vegetative diversity may be able to predict road mortality hotspots. This was 
also reported that landscape variables explained <35% of the statistical variation in data 
sets predicting anuran distribution and richness (Bonin et al. 1997).
The results of this study suggest that species richness and herpetofauna road 
mortality are positively significantly associated with higher shrub and herbaceous 
vegetative diversity. Therefore, more diverse shrub and herbaceous habitats house higher 
species richness, and therefore resulted in high road mortality at crossing hotpots. A
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positive association between vegetative diversity and species richness is consistent with 
Knutson et al. (1999), who found that amphibians were more abundant and diverse where 
habitat patch diversity was high. This is likely because forests provide necessary 
resources for many species that spend part or all of their nonbreeding season in in trees, 
shrubs of underneath leaf litter (Knutson et al. 1999). Diverse habitats may also be 
associated with large herpetofauna communities because they are often undisturbed and 
in-tact compared to urban or agricultural areas (Knutson et al. 1999). In addition, reptile 
and amphibian species richness has been shown to be positively associated with nearby 
forest cover and distance to woodland (Findlay and Houilhan 1997; Eigenbrog et al. 
2008). Furthermore, the presence of invasive plant species may influence diversity of 
plants as well as the abundance of other wildlife species. Invasive species were not 
assessed in this study however.
While our study did not find that canopy cover significantly affected richness and 
road mortality, 28 out of 30 of the sites had various degrees of cover. Two of the 30 sites 
had no canopy cover. Other studies found that frog occurrence increased with amount of 
forest cover within 1000 m (Mazerolle et al. 2005). Our results contrast with Fahrig et al. 
(1994)’s finding, who did not find significant habitat characteristics associated with toad 
and frog density (Fahrig et al. 1994). However, the habitats types were limited in the 
1994 study. Therefore, the results might not apply to a variety of habitat types. Although 
canopy cover was not significant in our study, it still may be an important indicator of 
wildlife crossing hotspots.
Our results also found that distance to nearest vernal pool and nearest stream were 
both negatively associated with road mortality hotspots. This is consistent with 
observations of Langen et al. (2008) and Forman and Alexander (1998) who found that 
amphibians and reptiles were often associated with specific land use types such as 
wetland and open water (Langen et al 2008; Forman and Alexander 1998). Weyrauch and 
Grubb (2003) found that total amphibian and anuran richness was best predicted by the 
adjacent wetland hydroperiod. As the wetland hydroperiod increased the anuran richness 
increased as well (Weyrauch and Grubb 2003). Therefore, areas near wetlands and water 
bodies will occupy higher populations of herpetofauna. Mazerolle et al. 2005 also found 
that frog occurrence increased with the percent cover of ponds (Mazerolle et al. 2005). In 
addition, Mann et al. (1991) found that anuran density increased as the number of pools 
increased in the nearby habitat (Mann et al. 1991). Consistent with our results, Ashley 
and Robinson (1996) also found amphibian mortality to be significantly associated with 
adjacent roadside vegetation and turtle mortality to be associated with adjacent open 
water (P< 0.05) (Ashley and Robinson 1996).
One characteristic that may be important in predicting reptile and amphibian 
crossing hotspots is the habitat type adjacent to roadways. Reptiles and amphibians breed 
in wetlands and other small bodies of water, so it is more likely that they will be found on 
roads adjacent to wetlands (Beans and Niles 2003). Previous studies have found that high 
concentrations of herpetofauna road mortalities tend to be found in small spatial clusters 
along highway systems adjacent to wetlands where breeding habitat occurs, or where the 
road intersects two bodies of water (Langen et al. 2008; Forman and Alexander 1998; 
Clevenger et al. 2003). Langen et al. (2008) found that road mortality hot spots of reptiles 
and amphibians were often associated with sites that have wetlands within 100 meters of 
the road. Road mortality was more likely to happen and more frequently at sites with
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causeways than at points with wetlands only on one side of the road. Langen et al. (2008) 
found that causeway points were 3 times more likely to have amphibian road kill than 
random points and 12 times more likely for reptiles. However, this study was not done at 
the appropriate time for vernal pool breeders, so it may not be applicable to obligate 
vernal pool breeders (Langen et al. 2008).
Some studies suggest that vehicle speed and traffic volume are the most important 
characteristics pertaining to wildlife mortality on roadways (Fahrig et al. 1994, Clevenger 
et al. 2003 and Trombulak and Frissell 2000). Fahrig et al. (1994) found that frog and 
toad density decreased as well as the proportion of dead frogs and toads rose due to 
increased automobile traffic. Langevelde and Jaarsma (2004) found that traffic volume 
has a large effect on the number of road mortalities, particularly for slow-moving species. 
These slow moving species take longer to cross the road and therefore are more likely to 
be hit when traffic volume is high. However, some studies have found that lower traffic 
volumes do not necessarily mean fewer wildlife road mortalities (Clevenger et al. 2003). 
In some cases, when traffic volume was high enough, it created a barrier effect, and 
animals did not attempt to cross at all (Jaarsama and Willems 2002). According to 
national crash data, animal vehicle collisions actually occurred more often on low volume 
roads. Almost 50% of animal vehicle collisions occur on roads with less than 5,000 
average daily traffic (Huijser et al. 2008). Other factors, such as the condition of the road 
may also impact the frequency of wildlife road mortalities, as they have been shown to be 
less likely on raised sections of road, but more frequent when near vegetative cover 
(Clevenger et al. 2003). Mammals are also more vulnerable when crossing narrower 
roads which are less frequently traveled (Clevenger et al. 2003).
Other factors may influence the timing and location of road mortality events such 
as variances in the species life history, weather and seasonal changes (Langen et al.
2006). Variances in wildlife movement can occur between species or within the same 
species of different sex and age class (Landgen et al. 2006). For example, amphibians 
often migrate in large numbers on peak spring weather events, such as warm rainy nights 
(Landgen et al. 2006). The specific timing depends on each species and geographic 
location. For example, the spotted salamander {Ambystoma maculatum), native to New 
Jersey, travels from its over wintering habitat in deciduous forests to vernal pools in early 
March. In one night hundreds or thousands of these salamanders may make the trip for 
mating (Schwartz and Golden 2002). Similarly, wood frogs (Rana sylvatica), often 
harbingers, typically migrate in early March. Reptiles, particularly gravid females, often 
do not migrate to their nesting site until late May or early June (Schwartz and Golden 
2002). In addition to the timing of migration, species vary in the duration of their 
breeding season. This will affect the timing of their migration back to their summer 
habitat as well. While wood frogs only mate for a couple weeks every year, other species 
such as the green frog(Lithobates clamitans) and bull frog (Lithobates catesbeianus) mate 
for two or three months (Schwartz and Golden 2002). Therefore, the duration and timing 
of breeding has a direct correlation to road mortality rates. Overall, when measuring road 
mortality and the other associated characteristics, it is clear there is variation between 
taxa and species and it is difficult to accurately predict possible mortality hotspots 
(Langen et al. 2008).
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IMPLICATIONS IN ENVIRONMENTAL MANAGEMENT
A possible solution to maintaining diversity and sustaining healthy wildlife 
populations lies in the ability to create connectivity between various fragmented habitats 
and communities (Robert 1997; Kohler et al. 2003). Mitigation techniques can be 
employed on roadways to ensure safe passage of wildlife. In particular, corridors have the 
potential to create connectivity for both aquatic and terrestrial species (Clevenger et al. 
2001; Jackson 2003). In addition, corridors may be essential to retain predator/prey 
populations and allow for stable coexistence dynamics. In an unfragmented habitat, 
predator-prey populations tend to fluxuate heavily (Karsai and Kampis 2010). However 
when modeled, fragmented habitats are associated with quick predator extinction rates 
because in these confined habitats the prey are more easily overexploited. However, prey 
species are able to take refuge in sub-optimal habitats and reach a high population density 
as predator populations decline. However, if a corridor or passageway is added to a 
fragmented model, the predators are able to disperse, find prey and become less prone to 
extinction (Karsai and Kampis 2010). Therefore, corridors may not only allow for safe 
passage of wildlife, but also serve to maintain community stability.
Specifically, corridors may take the form of easement, bridges, tunnels or culverts 
under roadways. Studies have found that tunnels and culverts may serve as a vital habitat 
link for wildlife, reduce road mortality and preserve habitat connectivity (Patrick et al. 
2010; Clevenger et al. 2001). Mitigation efforts in Florida reduced road mortality rates of 
the Florida panther (Puma concolor) from 10% annually to 2% annually (Forman and 
Alexander 1998). While design structure of culverts should ideally support a wide variety 
of internal habitats preferred by different animal taxa, it is not surprising this can be very 
difficult and contradictory. To make up for this, structures can incorporate different 
design elements preferred by different taxa. For instance, a structure could allow for 
passage of small mammals, amphibians, reptiles and aquatic biota by retaining sufficient 
water in the bottom of the structure but also providing a dry elevated shelf. There are a 
wide variety of options that can be designed to best fit the needs of the targeted 
ecosystem. A structure that integrates as many design elements as possible will most 
likely be the most successful at allowing wildlife movement (Arizona Game and Fish 
Department 2006). Culvert design elements essential for successful wildlife use should 
include: 1) suitable habitat, 2) appropriate size, 3) placement near or within natural 
movement corridors, 4) minimal human activity, 5) funneling/fencing, 6) wildlife 
accessibility, 7) ongoing maintenance and monitoring, 8) natural substrate, and 9) 
lighting (Arizona Game and Fish Department 2006). The effectiveness of culvert use by 
terrestrial wildlife may be a factor of proximity to cover and openness (Clevenger et al. 
2001). Depending on the species’ size and physiological needs the diameter of the 
culvert, substrate type and length of crossing structure may influence passage. Therefore, 
clear-span open bottom culverts, arches or bridges are clearly the best solution to allow 
for aquatic and terrestrial passage and to minimize changes in hydrology of a stream or 
river (Poplar-Jeffers et al. 2009; Gibson et al. 2005). Within these larger structures, 
smaller-scale habitats must be created and maintained to allow for passage of smaller 
terrestrial species (Patrick et al. 2010).
Wildlife corridors such as culverts and tunnels must be identified and managed 
properly in order to maintain habitat connectivity and long term population viability. 
Planners and officials need to know where the road kill hot spots occur in order to make
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effective changes or create mitigation strategies when designing new roads or managing 
existing roads (Jackson and Griffin 2000; Blank et al. 2005; Langen et al. 2008). 
Landscape models of animal movements predict that road mortality surveys are effective 
likely if effective measures are taken to accurately predict location hotspots to enhance 
connectivity (Gibbs and Shriver 2002). Identifying road crossing hotspots can then be a 
tool to provide city and environmental planners to efficiently find and accurately locate 
sites to reduce road mortality and human-animal collisions (Langen et al. 2008). 
However, high road mortality must not be the only tool used to identify a site in need of 
mitigation. High road morality may be associated with high population density. So a site 
with high road morality due to high population density may not be of priority for 
managers. Instead, areas with low road mortality may result from areas of low population 
density and may benefit more from mitigation efforts to increase connectivity than areas 
of high road mortality. Road mortality data must therefore be combined with other data, 
such as population size and the location of threatened or endangered species (Taylor and 
Goldingay 2010).
For a project with large spatial distribution such as, public involvement this study 
can be an efficient tool in data collection. Citizen Science has become increasingly 
popular for science communities as a tool for obtaining large amounts of data over large 
geographical scales and often over long time periods. It is a way to answer a scientific 
question while simultaneously engaging the public in local environmental issues and the 
scientific process (Bonney et al. 2009). Citizen science is also particularly suitable for 
studying the effects of habitat loss and fragmentation on biodiversity. Previously 
ecologists have also used volunteer roadside crossing surveys and atlas data to quantify 
the effects of habitat loss on wildlife populations. The development of citizen science 
programs is therefore valuable for the future of conservation as well as the promoting 
reconnections to nature (Devictor et al. 2010).
However, the reliability of data is a primary concern for those using data collected 
by citizen scientists. Several studies have confirmed the validity of citizen science data 
while others still question its ability to assess accurate data (Bonney et al. 2009). Overall, 
some simple steps can be taken to increase accuracy in data collection. First, have a clear 
scientific question and develop and test protocols, data forms and support materials. Then 
recruit and train participants (Bonney et al. 2009). The more experienced a volunteer, the 
more accurate the data is shown to be. Several studies have shown that there is a 
significant learning curve, as participants acquire a “search image” or become more 
familiar with protocols and data collection (Dickinson et al. 2010). In this study 
volunteers were required to submit photographs of wildlife found in order to validate 
species identification and quality control collected data.
It has become increasingly clear that if wildlife connectivity can be integrated into 
regional planning projects early in the process of development of land, corridor areas 
have the potential to be maintained or conserved. Thus, economic growth do not have 
negatively impact the preservation of ecological resources and wildlife habitats. 
Maintaining landscape connectivity can lessen the negative consequences caused 
urbanization and human expansion.
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CONCLUSION
Communities are connected through a web of relationships which depend on each 
other for support and ecological stability. These relationships vary but include predator- 
prey relationships, nutrient cycling, energy flow, competition, mutualism and 
parasitoidism. The current trends of habitat fragmentation and other disturbances such as 
climate change are likely to continue and initiate many changes within communities and 
populations. While organisms may alter their behavior, reproduction, location, and timing 
of life events to adapt to those changes, this will likely add stressors on populations and 
reduce population sizes. Because species interact with one another to survive, a change in 
one species will affect another. Research on the interaction of terrestrial and aquatic 
communities will continue to increase our knowledge on how humans affect wildlife 
through habitat fragmentation. The results of our study demonstrated that habitat 
fragmentation has an impact on wildlife populations through road mortality. Habitat 
fragmentation of terrestrial and aquatic systems should be taken as seriously as other 
population declining factors such as overfishing, forestry or agricultural practices. 
However, further understanding of these broad systems will help to predict how these 
systems will react and behave in an ever changing environment.
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